Mechanisms underlying nitrate-induced endothelial dysfunction: insight from experimental and clinical studies.
The hemodynamic and anti-ischemic effects of nitroglycerin (NTG) are rapidly blunted due to the development of nitrate tolerance. With initiation of nitroglycerin therapy one can detect neurohormonal activation and signs for intravascular volume expansion. These so called pseudotolerance mechanisms may compromise nitroglycerin's vasodilatory effects. Long-term treatment with nitroglycerin is also associated with a decreased responsiveness of the vasculature to nitroglycerin's vasorelaxant potency suggesting changes in intrinsic mechanisms of the tolerant vasculature itself may also contribute to tolerance. More recent experimental work defined new mechanisms of tolerance such as increased vascular superoxide production and increased sensitivity to vasoconstrictors secondary to an activation of the intracellular second messenger protein kinase C. As potential superoxide producing enzymes, the NADPH oxidase and the nitric oxide synthase have been identified. Nitroglycerin-induced stimulation of oxygen-derived free radicals together with NO derived from nitroglycerin may lead to the formation of peroxynitrite, which may be responsible for the development of tolerance as well as for the development of cross tolerance to endothelium-dependent vasodilators. The oxidative stress concept of tolerance and cross tolerance may explain why radical scavengers such as vitamin C or substances which reduce oxidative stress, such as ACE-inhibitors, AT1 receptor blockers or folic acid, are able to beneficially influence both tolerance and nitroglycerin-induced endothelial dysfunction. New aspects concerning the role of oxidative stress in nitrate tolerance and nitrate induced endothelial dysfunction and the consequences for the NO/cyclicGMP downstream target, the cGMP-dependent protein kinase will be discussed.